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Objective To investigate the feasibility and effects of balance training with a newly developed Balance Control 
Trainer (BCT) that applied the concept of vertical movement for the improvements of mobility and balance in 
chronic stroke patients. 

Method Forty chronic stroke patients were randomly assigned to an experimental or a control group. The 
experimental group (n=20) underwent training with a BCT for 20 minutes a day, 5 days a week for 4 weeks, in 
addition to concurrent conventional physical therapy. The control group (n=20) underwent only conventional 
therapy for 4 weeks. All participants were assessed by: the Functional Ambulation Categories (FAC), 10-meter 
Walking Test (lOmWT), Timed Up and Go test (TUG), Berg Balance Scale (BBS), Korean Modified Barthel Index 
(MBI), and Manual Muscle Test (MMT) before training, and at 2 and 4 weeks of training. 

Results There were statistically significant improvements in all parameters except knee extensor power at 2 
weeks of treatment, and in all parameters except MBI which showed further statistically significant progress 
in the experimental group over the next two weeks (p<0.05). Statistically significant improvements on all 
measurements were observed in the experimental group after 4 weeks total. Comparing the two groups at 2 and 4 
weeks of training respectively, lOmWT, TUG, and BBS showed statistically more significant improvements in the 
experimental group (p<0.05). 

Conclusion Balance training with a newly developed BCT is feasible and may be an effective tool to improve 
balance and gait in ambulatory chronic stroke patients. Furthermore, it may provide additional benefits when 
used in conjunction with conventional therapies. 
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INTRODUCTION 

Stroke patients adopt an asymmetrical standing pos- 
ture and experience difficulty when walking due to many 
factors, such as reduced muscular power, imbalance in 
weight distribution, impaired proprioception, exaggerat- 
ed stretch reflex, spasticity, and impaired motor control. 1 
Although most stroke patients are known to retain some 
ability to walk, 2,3 many patients still suffer from abnormal 
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gait and limitations when walking any distance. 

Because adequate postural control and balance are 
essential components of walking and mobility after a 
stroke, standing balance training, especially training that 
shifts the weight to the affected side, is fundamental. 
Therefore, many conventional treatments such as neuro- 
development treatment (NDT) and sensory stimulation 
make patients shift their weight to the affected side. 4 ' 5 
Other functional walking training methods like weight 
unloading devices, robots, and balance training systems 
such as the Balance Master System and Balance Re- 
trainer have been used to achieve this goal. 6 14 However, 
these treatments have some limitations. They are used 
only in the horizontal plane, even though many activities 
of daily living (ADLs), for example the 'sit to stand' pro- 
cess are performed in the vertical plane. Making matters 
worse, these treatments are often perceived as tedious by 
patients. Therefore, our team developed a new balance 
trainer, a Balance Control Trainer (BCT). This system was 
developed to allow for exercises in both the horizontal 
and vertical planes. The system was composed of self- 
weight shifting exercises and video games that used visu- 
al feedback during task-specific lower limb exercises and 
video games that demonstrated weight shift not only the 
horizontal plane but also the vertical plane. Video games 
that use visual and auditory stimuli can improve patient 
satisfaction and enhance their compliance. 

The aim of this study was to examine the feasibility and 
effects of a BCT that applied the concept of vertical move- 
ment to improve mobility and balance in chronic stroke 
patients. 

MATERIALS AND METHODS 

Participants 

Forty subjects were recruited in Daegu, South Korea, 
between March 2010 and February 2011. The general 
characteristics are shown in Table 1. Patients were re- 
quired to meet the following inclusion criteria in this 
study: (1) the patients at six months or greater after the 
stoke, (2) the first episode of unilateral stroke (infarction, 
hemorrhage) with hemiparesis, in the territory of the 
internal carotid artery, (3) the diagnosis of stroke con- 
firmed by computed tomography or magnetic resonance 
imaging, (4) the ability to understand and follow simple 
verbal instructions, (5) was ambulatory before onset of 
stroke, (6) the ability to walk 10 meters independently. 



They were excluded if they were medically unstable or 
had a history of musculoskeletal conditions affecting 
lower limbs or neurological diseases affecting vision, gait 
balance, conscious or cognitive level (Mini-Mental State 
Examination [MMSE] <24). The protocol was approved by 
the Institutional Review Board (IRB) and informed con- 
sent was obtained prior to training. 

Design 

A prospective randomized controlled design was used. 
The 40 patients were randomized into an experimental 
group or a control group of 20 each. A randomization 
procedure was performed by an observer who was not 
involved in this intervention including the outcome mea- 
suring. The physician who conducted the gait analysis 
was blinded; however, patients and physiotherapists who 
used and applied a BCT were not blinded, because it was 
impossible of ethical and design reasons. As shown in 
Figure 1, no patients dropped out in this protocol (Fig. 1). 

Intervention 

Both groups participated in our conventional physical 
therapy for 1 hour a day, 5 days a week for 4 weeks. The 



Table 1. Demographic and Baseline Characteristics 



Variable 




Experimental 
group (n=20) 


Control 
group 
(n=20) 


Sex 


Male 


13 (65%) 


12 (60%) 




Female 


7 (35%) 


8 (40%) 


Age (years) 




53.75±11.29 


54.1±11.13 


Time since onset (months) 


13.30±5.89 


14±6.34 


Type of injury 


Infarction 


14 (70%) 


13 (65%) 




Hemorrhage 


6 (30%) 


7 (35%) 


Affected side 


Right 


8 (40%) 


8 (40%) 




Left 


12 (60%) 


12 (60%) 


FAC 




3.4±0.8 


3.3±1.0 


lOmWT (sec) 




21.0±5.0 


22.4±14.5 


TUG (sec) 




18.6±4.4 


20.1±4.3 


BBS 




39.8±8.7 


40.0±6.8 


MBI 




64.0±17.0 


65.6±13.5 


MMT 




3.0±0.9 


3.2±0.6 



Values are mean±S.D. 



FAC: Functional ambulation categories, lOmWT: 10-me- 
ter walking test, TUG: Timed up and go test, BBS: Berg 
balance scale, MBI: Modified barthel index, MMT: Man- 
ual muscle test of the knee extensor 
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Assessed for eligibility (n=40) 







► Excluded (n=0) 


r 




Allocation (n=40) 





Experimental group 
Conventional physical therapy 
and training with BCT (n=20) 
for first 2 weeks 
Lost to follow up (n=0) 



Control group 
Conventional physical therapy (n=20) 
for first 2 weeks 
Lost to follow up (n=0) 



Outcome measurement 



Outcome measurement 



Conventional physical therapy 
and training with BCT (n=20) 
for next 2 weeks 



Conventional physical therapy (n=20) 
for next 2 weeks 



Completed planned evaluation (n=20) 
Follow-up outcome measurement 
Lost to follow up (n=0) 



Completed planned evaluation (n=20) 
Follow-up outcome measurement 
Lost to follow up (n=0) 



Fig. 1. Flow diagram of this study. 
BCT: Balance control trainer. 




Fig. 2. A Balance Control Trainer consists of two electron- 
ic scales, an infrared camera, and a computerized system 
that allows training games to use the data collected. 




i i i i i i i i i i i i i i i i_ 

Fig. 3. The board cleaner game. When weight is shifted to 
either side, the cleaner moves horizontally and knee flex- 
ion/extension moves the cleaner vertically. The score is 
given as a percentage of the board cleaned in 2 minutes. 
The white area in this figure represents the area of the 
board that has been cleaned. 



experimental group received an additional 20 minutes of 
training using a BCT. 

In this study, we used a newly developed BCT that had 
proven its effects on functional balance and gait through 
the preliminary research (Fig. 2). 15 Training with a BCT 



was composed of two different steps. First, a self-weight 
shifting exercise was performed in both the horizontal 
and vertical plane with visual feedback that was provided 
for 10 minutes. Patients were asked to stand on both feet 
and load as much weight as possible on the affected side 
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without losing balance for the first 5 minutes. The dis- 
tribution of weight on the left and right sides was moni- 
tored continuously during this time. During the next 5 
minutes, patients were also asked to repetitively flex and 
extend the knee as far as they could on the affected side 
while still bearing weight as much weight as possible on 
that side. 

Second, weight shifting exercises with the video game 
(board cleaner game) were performed for the next 10 
minutes (Fig. 3). The game lasted for 2 minutes and was 
played 5 times. In the board cleaner game, an eraser 
would move left and right on the screen according to the 
horizontal weight shift to erase an image on the screen. 
The eraser would move vertically in response to knee 
flexion and extension. The objective of the activity was 
to erase as much of the board as possible in a given time. 
A 20-degree toe-out stance on the electronic scales and 
maximum plantar contact with the scales were main- 
tained at all times in order to minimize rotation of the 
lower limb. 

Clinical tests 

All 40 patients underwent an objective assessment be- 
fore training, and at 2 and 4 weeks of training. The Func- 
tional Ambulation Categories (FAC), 10-meter Walking 
Test (lOmWT), Timed Up and Go test (TUG), the Berg 
Balance Scale (BBS), and the Modified Barthel Index 
(MBI) were used as clinical tools to measure the level of 
function, and the Manual Muscle Test (MMT) was used 
to measure the strength of knee extension. The reliability 
and validity of these clinical tests are well established. 16 " 21 

Statistical analysis 

SPSS version 18.0 for Windows was used for statistical 
analysis. Demographic data were compared using the 
chi-square test and the independent sample t-test. The 
paired sample t-test was used to compare pre-treatment 
and post- treatment results within each group, and the in- 
dependent sample t-test was used to compare the means 
between the study and control groups for each of the pa- 
rameters assessed. Results were considered statistically 
significant if the p-value was less than 0.05. 

RESULTS 

General characteristics of patients 

Forty hemiplegic patients were enrolled in this study. 



They were divided into two groups; the experimental 
group (13 males and 7 females, mean age of 53.75±11.29 
years, time since onset of 13.30±5.89 months) and the 
control group (12 males and 8 females, mean age of 
54.10±11. 13 years, time since onset of 14.00±6.34 months) 
(Table 1). 

There were no significant differences in: sex, age, time 
since the onset, the type of stoke, the side affected, FAC, 
lOmWT and TUG, BBS, MBI, and MMT of the knee exten- 
sor between the two groups (p>0.05). 

Feasibility of treatment with a newly developed Ba- 
lance Control Trainer 

No patient dropout occurred and all participants com- 
pleted the assigned training program. No adverse effects 
were observed during the training period with the new 
balance trainer. Patients commented that they enjoyed 
training with the BCT because the game was entertain- 
ing. 

Training effects 

There were statistically significant improvements in all 
parameters (FAC, lOmWT, TUG, BBS, and MBI) except 
knee extensor power at 2 weeks of training in the experi- 
mental group, while only two parameters (BBS and MBI) 
in control group (p<0.05). And all parameters except MBI 
showed further statistically significant progress in the 
experimental group over the next two weeks, while only 
one parameter (lOmWT) showed statistically significant 
progress in control group (p<0.05). Over the 4 week total, 
all parameters had statistically significant improvements 
in the experimental group, while only lOmWT was seen 
as improved in the control group (Fig. 4). 

Comparing the two groups at 2 and 4 weeks of training 
respectively, parameters of lOmWT, TUG, and BBS in the 
experimental group showed statistically more signifi- 
cant improvements at 2 weeks of treatment. And there 
were statistically significant differences between the two 
groups in FAC, lOmWT, TUG, and BBS at 4 weeks of treat- 
ment (p<0.05) (Table 2). 

DISCUSSION 

This is the first prospective, randomized controlled 
study to show that additional training with a newly de- 
veloped Balance Control Trainer (BCT) could achieve 
greater improvements in mobility and balance in chronic 
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Control group Experimental group Control group Experimental group 




Control group Experimental group Control group Experimental group 




Control group Experimental group Control group Experimental group 



Fig. 4. 6 Parameters (FAC, lOmWT, TUG, BBS, MBI and MMT) were assessed before treatment, after 2 and 4 weeks of 
training. During the first 2 weeks, there were statistically significant improvements in all parameters (FAC, lOmWT, 
TUG, BBS and MBI) except for knee extensor power in the experimental group, while only two parameters (BBS and 
MBI) were in the control group. Over the next two weeks, all parameters except MBI showed further statistically sig- 
nificant progress in the experimental group, while only one parameter (lOmWT) was seen in the control group. Over a 
total of 4 weeks, all parameters and statistically significant improvements in the experimental group, while it was only 
lOmWT in control group. FAC: Functional Ambulation Categories, lOmWT: 10-meter Walking Test, TUG: Timed Up 
and Go test, BBS: Berg Balance Scale, MBI: Modified Barthel Index, MMT: Manual Muscle Test of the knee extensor. 
*p<0.05 by paired sample t test. 
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Table 2. Quantitative Measurements of Parameters in the Experimental (n=20) and Control Group (n=20) 



i ai dint ici s 


Pre-treatment 


At 2 weeks 


At 4 weeks 


Experimental 


Control 


Experimental 


Control 


Experimental 


Control 


FAC 


3.4±0.8 


3.3±1.0 


3.6±0.9 


3.4±1.0 


4.0±0.7 t 


3.4±1.0 


lOmWT (sec) 


21.0±5.0 


22.4±14.5 


19.1±4.3* 


21.7±15.0 


16.4±4.0 + 


20.2±15.0 


TUG (sec) 


18.6±4.4 


20.1±4.3 


16.3±4.0* 


19.5±4.3 


14.8±3.7 f 


19.0±4.2 


BBS 


39.8±8.7 


40.0±6.8 


42.3±7.7* 


41.1±6.7 


45.7±7.8 f 


41.7±6.9 


MBI 


64.0±17.0 


65.6±13.5 


68.3±17.5 


67.3±13.3 


70.4±18.0 


68.1±12.6 


MMT 


3.0±0.9 


3.2±0.6 


3.1±0.8 


3.2±0.5 


3.2±0.8 


3.2±0.6 



Values are mean±S.D. 

FAC: Functional ambulation categories, lOmWT: 10-meter walking test, TUG: Timed up and go test, BBS: Berg balance 
scale, MBI: Modified barthel index, MMT: Manual muscle test of the knee extensor 

*p<0.05 comparison between two groups at 2 weeks. f p<0.05 comparison between two groups at 4 weeks by the inde- 
pendent sample t-test 



stroke patients. 

The asymmetrical stance due to reduced weight bear- 
ing in the affected lower limb is one of the problems that 
frequently occurs in hemiplegic stroke patients, and it is 
known to adversely affect mobility and activities of daily 
living. 22,23 Therefore, special attention has been given to 
therapies that help increase weight bearing on the af- 
fected side. 24,25 As mentioned earlier, many conventional 
treatments such as neurodevelopmental training (NDT) 
and sensory stimulation have been performed to help 
patients shift their weight to the affected side. Nowadays, 
more functional walking training methods like weight 
unloading devices and robots and new balance training 
systems such as the Balance Master System and Balance 
Retrainer have been developed to make patients shift 
their weight to the affected side. 4 " 14 The outcomes of these 
types of training are still under debate. 

The treadmill, on which many recent studies have been 
conducted, is known as a more task-specific approach 
for improving gait in hemiplegic patients. Moseley et al. 26 
reported that the treadmill with body weight support 
improved walking dependence, velocity, and endurance 
more than the treadmill without body weight support. 

Therapies that use robots have also been shown to be 
more effective than conventional physical treatments in 
achieving independent walking. This method was supe- 
rior when assessing the distance walked in six minutes. 27 
Despite their potential therapeutic efficacy, these treat- 
ment methods require expensive equipment and have yet 
to demonstrate sufficient cost-effectiveness. 

Yavuzer et al. 28 reported that an additional 15 minutes 
of balance training with the Force Plate Visual Feedback 



produced superior results in pelvic excursion as com- 
pared to neurodevelopmental training (NDT) alone, 
not including walking velocity. However, Eser et al., 29 
who used an identical method in their study, but used 
more functional testing tools such as the Brunnstrom 
stage, Rivermead Mobility Index (RMI), and Functional 
Independence Measurement (FIM), reported that there 
was no statistically significant difference between the 
outcomes of the two treatment regimes. Winstein et al. 25 
reported that 3-4 weeks of visual feedback treatment 
significantly improves symmetry, but not for walking. 
There is insufficient evidence to suggest that Force Plate 
Visual Feedback treatment leads to a significant improve- 
ment in the performance of functional activities such as 
walking. 30,31 This treatment is used only in the horizontal 
plane, even though many activities of daily living are per- 
formed in the vertical plane even in normal people. 

Our team developed the BCT in order to incorporate 
the vertical component of the center of gravity movement 
by means of knee joint involvement and the horizontal 
component into therapy, thus overcoming the main limi- 
tations associated with the Balance Master System. 

We found that the ability to control the affected knee 
and the scores of the "board cleaner" game correlated 
with all clinical parameters including FAC, BBS, lOmWT, 
TUG, MBI and MMT of the knee extensor in a prelimi- 
nary study. 15 We used this device to rehabilitate hemiple- 
gic stroke patients and to compare their improvements 
in balance and ability to walk to those of patients who 
received only conventional rehabilitation treatments. 

In this study, there were statistically significant im- 
provements in clinical parameters such as FAC, lOmWT, 
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TUG, and BBS over 4 weeks of treatment. But there was 
no significant difference during the first 2 weeks in MMT 
of the knee extensor and last 2 weeks in MBI. However af- 
ter 4 weeks there were definite improvements in MBI and 
MMT. It was explained in two ways. First, MBI consists of 
many items relating to patients' functional performance 
as well as the item evaluating gait ability. Therefore the 
interventions that improve gait ability might have no in- 
fluence on the activities of daily living in last 2 weeks. The 
definite improvement in the MMT of the knee extensor 
was shown over the last 2 weeks. Its visible effect needs 
an even longer intervention period than other param- 
eters. 

Although this study also showed that conventional 
treatments were helpful in improving clinical parameters, 
we found that additional training with a newly developed 
BCT could be a better treatment option for mobility and 
balance in chronic stroke patients. 

Barclay- Goddard et al. 30 showed that the Balance Mas- 
ter System failed to improve BBS or TUG while moving or 
walking. These results may have been due to the fact that 
vertical movements of the center of gravity, which are es- 
sential components of independent walking and other 
activities of daily living such as standing up from a chair 
and sitting down again, were not taken into consider- 
ation in the treatment design. 32 34 They suggested that the 
learning methods used in previously mentioned studies 
were not appropriately task-specific for walking or other 
activities of daily living. 30,31 This means that a BCT may 
be a more effective rehabilitation treatment than con- 
ventional treatments in improving mobility and balance 
because a BCT takes into consideration the importance 
of movements in the vertical plane. 

This study has some limitations. It was not a blind study 
as previously mentioned. It was impossible to hide the 
intervention intended for each patient from both the pa- 
tient and the physiotherapist who were directly involved. 
Also the control group did not receive placebo therapy. 
This may have influenced the results but we did not con- 
sider it ethical to provide the patients with no treatment 
for 20 minutes. 

In addition, the attention of physiotherapist on the ex- 
perimental group may have caused a bias, even though it 
was only for 20 minutes of extra management. Long-term 
treatment of more than 4 weeks is needed to evaluate 
and confirm the effect on MMT. Also assessing the long- 
term effects of the treatment is also necessary; thus there 



should be ongoing follow-up beyond the completion of 
the treatment. Because we recruited only patients with a 
certain level of independent walking ability, these find- 
ings may not be applied to patients in the chronic stage of 
their illness, who have greater mobility problems. Such a 
study is currently in progress, working on the assumption 
that the experiment could be useful for severely impaired 
individuals, including those who are unable to walk, if a 
weight unloading system is used. 

Despite these limitations, this study showed that train- 
ing chronic stroke patients with a newly developed bal- 
ance trainer is a feasible and potentially effective inter- 
vention to improve balance and mobility. 

CONCLUSION 

The training of chronic ambulatory stroke patients with 
BCT by administering a more task-specific and functional 
treatment especially focusing on mobility and balance, 
was feasible. And a BCT used in conjunction with con- 
ventional rehabilitation therapies can be more effective 
than conventional therapies alone. 
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